INTRODUCTION
============

Infants born preterm are at greater risk of developing motor, cognitive, language, and behavioral impairments compared with infants born at term \[[@B1][@B2]\]. Thus, many previous studies have investigated neurodevelopmental outcomes in infants born preterm. In most cases, infants born preterm have follow-up care to detect developmental problems early in life. Most of these models of follow-up care are intended primarily for the early detection of major neurodevelopmental impairments (NDI) such as cerebral palsy (CP), intellectual disability, epilepsy, and severe visual/hearing problems, to allow for early intervention and therefore minimize future sequelae \[[@B3]\].

In recent years, the incidence of major NDI has remained consistent, but the incidence of mild dysfunctions such as learning disabilities, attention deficit/hyperactivity, borderline intelligence, and behavioral problems has increased \[[@B4]\]. According to previous studies, normal outcomes or mild deficits are more prevalent than major NDI in children who were born preterm \[[@B4][@B5][@B6]\], and 73% of extremely preterm and 64% of very preterm children have normal outcomes or only mild deficits.

It is well-known that premature infants with major NDI are more likely to be impaired in various developmental domains compared with full-term infants \[[@B5][@B7]\]. In the literature, preterm infants are at high risk for problems in adaptive function, behavior, socio-emotional development and academic performance compared with full-term infants \[[@B6][@B8][@B9]\]. However, there is still a paucity of published data that describe the cognitive or neuropsychological outcomes of children who were born preterm without major NDI. Both parents and clinicians are greatly concerned as to whether children who were born preterm and free of major NDI early in life can develop normally in these various developmental domains.

Therefore, the aim of this study is to investigate the cognition, social adaptive functioning, behavior, and emotional development of children who were born preterm without major NDI early in life and to determine the effects of the age of onset of independent walking (AOW) on those developmental domains in these children.

MATERIALS AND METHODS
=====================

Participants
------------

At our institute, the infants who were born preterm who are referred to our clinic for developmental checkups are examined every 3-6 months. At every visit, gross and fine motor skills, postural tone development, and neurologic functions such as primitive reflexes, ankle clonus, spasticity, and movement patterns are assessed. Among those children with normal muscle tone and no abnormal findings on regular neurological examinations, the children without epilepsy or severe visual or hearing impairments; the children who could walk independently without any assistance and pick up small objects with a normal pincer grasp; and the children without any delays on the Clinical Adaptive Test/Clinical Linguistic and Auditory Milestone Scale (CAT/CLAMS) (developmental quotient≥85) \[[@B10]\] at 2 years of age were selected for this study. Even if there were no identifiable physical or mental impairments at the chronological age of 2 years, neuropsychologic assessments including assessment of speech development were recommended for all children after 3 years of age to assess cognition, social adaptive functioning, behavior, and emotional development. However, 24 (29.3%) of 82 children without major NDI at 2 years of age were lost during follow-up, and thus the drop-out rates for the assessment were 19 (30.6%) children in group A and 5 (25%) children in group B. There were no significant differences in the drop-out rates between groups.

As a result, 58 children (26 boys, 32 girls) who had neuropsychological developmental assessments between 3 and 6 years of age (mean±standard deviation \[SD\], 3.7±0.7 years) participated in this study. The participants were divided into two groups based on the AOW, which is the age at which the infant can walk at least 10 steps independently without any assistance. Group A consisted of children with an AOW of 15 months or less, and group B consisted of children with an AOW between 15 and 24 months. There were no significant differences in birth weight, gestational age, age at assessment, or sex ratio between the two groups ([Table 1](#T1){ref-type="table"}).

This retrospective study was approved by the Institutional Review Board of Severance Hospital (No. 4-2013-0914).

Assessments
-----------

### Korean versions of the Wechsler Preschool and Primary Scale of Intelligence revised edition and the Korean version of the Bayley Scales of Infant Development second edition

The Korean versions of the Wechsler Preschool and Primary Scale of Intelligence, revised edition (K-WPPSI-R) is an intelligence test designed for children aged 3 years to 7 years 3 months. The K-WPPSI-R consists of subtests of verbal skills and performance skills. The verbal subtests include tests on information, comprehension, arithmetic, vocabulary, and similarities, and the performance subtests consist of tests on object assembly, geometric design, block design, mazes, and picture completion. The composite scores of K-WPPSI-R represent verbal intelligence quotient (IQ), performance IQ, and full-scale IQ. The Korean version of the Bayley Scales of Infant Development, second edition (K-BSID-II) is the most frequently used test in infant developmental assessment. This was replaced in 2006 by the Bayley scales of infant and toddler development, third edition (Bayley-III). The Bayley-III cognitive and language scores are up to 10 points higher than the mental developmental index (MDI) scores of K-BSID-II, and thus there is concern that the Bayley-III underestimates developmental delays \[[@B11]\]. Here, the K-BSID-II was administered in children who were not adequate for the K-WPPSI-R. The K-BSID-II comprises two scales: the MDI and the psychomotor developmental index (PDI). The MDI was designed to assess cognition by evaluating sensory perception, knowledge, memory, problem solving, and early language \[[@B12]\], whereas the PDI was designed to assess gross and fine motor skills. Based on the full-scale IQ determined using the K-WPPSI-R or the MDI determined using the K-BSID-II, the cognitive level of each child was classified as normal (IQ or MDI≥85), mild deficit (IQ or MDI≥70 but \<85) or significant deficit (IQ or MDI\<70).

### Social Maturity Scale

The Korean version of the Social Maturity Scale (SMS), based on the fifth version of the Vineland Social Maturity Scale, was used to assess social adaptive functioning by measuring the personal and social skills needed for everyday living. This scale has been validated for the Korean population \[[@B13]\]. The 117-item scale can be used from birth until the age of thirty. It consists of 7 subscales that measure self-help general, self-help eating, self-help dressing, locomotion, occupation, communication, and socialization. Raw scores are converted to age-equivalent scores (expressed as social age \[SA\]), and then social maturity quotients (SQ=SA/chronological age×100) are calculated. For our study, social adaptive functioning was classified as normal (SQ≥85), mild deficit (70≤SQ\<85) or significant deficit (SQ\<70).

### Korean version of the Child Behavior Checklist

The Child Behavior Checklist (CBCL) was developed as a parent-completed questionnaire to assess a child\'s social competence and behavioral problems \[[@B14]\]. The Korean version of the CBCL has been validated in Korean children and adolescents \[[@B15]\]. The CBCL preschool version (CBCL/1.5-5) is used to assess behavioral problems in children aged 1.5 to 5 years \[[@B16]\]. Raw scores are converted to standardized T-scores, which have a normative group mean of 50 and standard deviation of 10. T-scores are compared with those of a Korean norm group. The CBCL/1.5-5 has seven subscales: emotionally reactive, anxious/depressed, aggressive behavior, attention problems, somatic complaints, withdrawn, and sleep problems. T-scores for total behavior problems, internalizing problems, and externalizing problems between 60 and 64 (60≤T\<64) are considered borderline, and T-scores ≥64 are regarded as falling in the clinical range. T-scores on the 7 subscales between 65 and 70 (65≤T\<70) are considered borderline, and T-scores≥70 are regarded as falling in the clinical range. Here, we classified children with T-scores≥60 for the broad-band scales and ≥65 for each syndrome as having behavioral problems.

### Conners\' Abbreviated Parent/Teacher Rating Scale

The Conners\' Abbreviated Parent/Teacher Rating Scale (CPRS) was developed to objectively assess behavioral symptoms related to attention deficit hyperactivity disorder (ADHD). An abbreviated questionnaire was also prepared by Conners \[[@B17]\] that consisted of 10 overlapping items drawn from the 93-item parent questionnaire \[[@B18]\] that were most frequently rated by both teachers and parents. It has been validated for the Korean population \[[@B19]\]. Each test item uses a four-point Likert scale that ranges from \'very unlikely (0)\' to \'very likely (3)\', where higher scores indicate more severe symptoms. The questionnaire was answered by parents and reviewed by an examiner. The cutoff value was 16 points, which is 2 standard deviations above the overall mean for the Korean population \[[@B19]\].

### Childhood Autism Rating Scale

The Childhood Autism Rating Scale (CARS) is a caretaker-based interview rating scale that identifies autism features in children \[[@B20]\]. It has been validated for the Korean population \[[@B21]\]. The 15 CARS items are rated on a scale from 1 to 4 (none, mild, moderate, severe), for a maximum possible total score of 60. A score of 30 or above on the Korean version of the CARS was considered to be in the clinically significant range \[[@B21]\].

### Sequenced Language Scale for Infants and the Preschool Receptive-Expressive Language Scale

Language abilities were assessed with Sequenced Language Scale for Infants (SELSI) or Preschool Receptive-Expressive Language Scale (PRES); the former was used for children under the age of 3 years, and the latter for preschoolers above the age of 3 years. However, the SELSI was administered in some older children whose language levels were inadequate for the PRES. Both scales are validated in the Korean population \[[@B22][@B23]\]. A significant speech development delay was defined as a developmental score two standard deviations away from the mean score of normally developed children, and a mild speech developmental delay was defined as a developmental score between 1 SD and 2 SD from the mean.

Statistical analyses
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) ver. 20 for Windows (IBM SPSS Inc., Armonk, NY, USA). An independent t-test was used to compare the means of the groups, and Fisher exact test was used to compare the differences in the distributions of normal or abnormal ranges in cognition, adaptive functioning, and behavior between the groups. A p-value less than 0.05 was considered statistically significant.

RESULTS
=======

Korean versions of the Wechsler Preschool and Primary Scale of Intelligence revised edition and the Korean version of the Bayley Scales of Infant Development second edition
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Thirty-six (83.7%) children in group A and six (40.0%) children in group B had normal cognition based on the full-scale IQ determined by K-WPPSI-R or K-BSID-II. The rate of cognitive deficits was significantly higher in group B than in group A ([Table 2](#T2){ref-type="table"}).

The K-WPPSI-R was administered to 28 children in group A and 12 children in group B. The full-scale IQ and performance IQ determined by the K-WPPSI-R were significantly higher in group A (96.4±12.8 and 89.9±12.0, respectively) than in group B (85.6±12.1 and 78.4±8.8, respectively), but there was no significant difference in verbal IQ between the groups (group A, 103.3±14.3; group B, 96.3±15.8). Significant deficits in performance skills (performance IQ\<70) were noted in one child in group A and two children in group B, but no child in either group had a significant deficit in verbal skills (verbal IQ\<70). Based on the full-scale IQ determined by the K-WPPSI-R, the rate of mild cognitive defects was higher in group B than in group A. The rates of mild or significant deficits in performance skills (performance IQ\<85) were also significantly higher in group B than in group A ([Table 3](#T3){ref-type="table"}).

Social Maturity Scale
---------------------

The total mean SQ was significantly higher in the children in group A (105.0±16.6) than in the children in group B (88.9±11.2). Significant deficits in social adaptive functioning (SQ\<70) were noted in two children (4.7%) in group A and one child (6.7%) in group B. A mild deficit (70≤ SQ\<85) was noted in two children (13.3%) in group B, but in no one from group A. The rates of mild or significant deficits in social adaptive functioning did not differ significantly between the two groups ([Table 4](#T4){ref-type="table"}).

Korean version of the Child Behavior Checklist
----------------------------------------------

The total scores of the Korean version of the CBCL and the internalizing and externalizing behaviors did not differ significantly between the two groups. Abnormal behaviors based on the total score (T-score≥60) were noted in 6 children (14.0%) in group A and 4 children (26.7%) in group B. Abnormal internalization behavior problems were noted in 7 children (16.3%) in group A and 5 children (35.7%) in group B, and externalization behavior problems were noted in 5 children (11.6%) in group A and 3 children (20.0%) in group B.

Abnormal behaviors according to the seven subscales of CBCL 1.5-5 (T-score≥65) were noted in each group. The frequencies of these abnormal behaviors did not differ significantly between the two groups.

Emotionally reactive and attention problems were the most common abnormal behaviors in children in group A, whereas anxiety/depression was the most common abnormal behavior in children in group B ([Table 5](#T5){ref-type="table"}).

Conners\' Abbreviated Parent/Teacher Rating Scale, Childhood Autism Rating Scale, and speech development tests
--------------------------------------------------------------------------------------------------------------

Four children in group A and one child in group B had CPRS scores above 16, suggesting attention and hyperactivity problems. One child in group A had a CARS score above 30, suggesting autistic behavior. Significant speech delays in both speech comprehension and expression were noted in only one child in group B. Mild speech developmental delays were noted in two children in group A but were not detected in group B. Speech development delay did not show significant differences between two groups.

DISCUSSION
==========

The results of our study demonstrated that substantial number of the children without major NDI early in life had mild deficits in cognition when they were assessed later on. According to the study of Leversen et al. \[[@B24]\], of the extremely preterm children who had normal motor and mental development at 2 years of age, 31% had IQ \<85 when assessed at age 5. In our study, 27.5% of our subjects had IQ or MDI \<85, which are comparable with levels for children. In previous studies, the limited value of the predictive values of mental capacities in early childhood has been repeatedly demonstrated, especially preterm infants without major NDI \[[@B6][@B24][@B25]\]. On the other hand, previous reports demonstrated lower mean scores than those for full-term children on various cognitive functions such as the Stanford-Binet intelligence scales, the visual perception test, visual motor integration tests, the sustained attention test, and the picture vocabulary test in preterm preschool children between 3 and 5 years of age with normal intellectual abilities and without other major NDI at 2 or 3 years of age \[[@B26][@B27]\]. Another report demonstrated that the rates of problems in multiple domains such as motor skills, socio-emotional adjustment, learning skills and general cognition increased from 47% at the age of 4 years to 60% at the age between 6 and 9 years in very preterm children \[[@B7]\]. The results of previous studies provide evidence of the need for close follow-up for many years even in the children without major NDI in order to identify the children who are at risk and provide early intervention as they grow. The results of our study also support this point of view.

The evaluation of motor performance in preterm infants is important because motor development may affect the child\'s ability to explore his/her environment, which in turn may result in later cognitive developmental and behavioral problems \[[@B28]\]. AOW is frequently used as an indicator of the progress of motor development in early life. According to the literature \[[@B29][@B30]\], the mean AOW ranges from 11 to 14.5 months. In our study, the children were divided into two groups based on whether their AOW was before or after 15 months to allow us to determine whether there were any differences in various domains of development between the groups.

The higher rates of these problems in children in the late walker group than in those in the early walker group support the previous notion that early motor performance plays an important role in the cognitive development of these children. Further study is needed to investigate whether late walking can be a good predictor of these problems, which can be identified early in children who are free of major NDI. In addition, our study revealed that performance skills were challenged more than verbal skills in these children. Luoma et al. \[[@B31]\] documented that preterm children tended to have lower performance IQ five times more often than did full-term children, and the tendency became even stronger when children with major neurological disabilities were excluded. In the literature, children who were born preterm and whose IQs are in the average range have repeatedly been found to have problems in visual perception, visual-motor skills, and visuospatial skills \[[@B27][@B32]\]. The results of our study are consistent with these suggestions from previous studies. The lower performance IQ scores and the higher rates of mild or significant deficits in performance skills in group B suggest that performance skills are more problematic in late walkers, even among children who were free of major NDI early in life.

Adaptive behavior is defined as \"the collection of conceptual, social and practical skills that have been learned in order to function in everyday life,\" and overall adaptive behavior is important for living \[[@B8][@B33]\]. It is now considered essential to measure the adaptive skills that present in early childhood during assessments of young children. Measuring adaptive skills, including SMS, allows for assessing a child\'s level of performance in everyday activities. What a child \"does do\" (performance) in his or her real life is influenced by the interplay between impairments and activity limitations, by personal factors, and by environmental factors. In a previous study, premature infants who were free of physical or mental impairments had significantly lower scores for overall adaptive behaviors than did full-term infants \[[@B8]\]. In that study, a measurable effect of preterm birth alone on adaptive functioning was demonstrated, and participation in everyday life and determining the limitations on a child\'s ability to perform the tasks of daily living were found to be important for children who were born preterm. However, the rates of mild or significant deficits in adaptive function were not described in that study. As far as we know, there is still a paucity of published data that describe the risks of mild or significant deficits in social adaptive functioning in children who were born preterm without major NDI in early life. Our study revealed mild or significant deficits in social adaptive functioning in both early and late walkers, although SQ scores were significantly lower in late walkers than in early walkers. These findings suggest that preterm infants without major NDI early in life should be assessed further regarding the development of social adaptive functioning. In addition, the social adaptive functional limitations of these children could lead to poorer educational attainments and reduced social functioning, so early interventions that allow these children to develop more complex skills are essential for successful adult living \[[@B8]\]. Additional studies about the rates and early predictors of social adaptive functional impairment are needed in order to minimize the untoward consequences of social adaptive functional impairments in children who were born preterm without major NDI.

It is well-known that preterm infants are more susceptible to behavioral problems than are full-term infants \[[@B6]\]. In a previous study, very-preterm-born children exhibited higher rates of behavioral problems early in development at the age of 2 years \[[@B9]\]. The CBCL is the most commonly used measure for assessing behavioral problems in childhood. The behavioral problems assessed by the CBCL are strongly associated with problems in school and social competence \[[@B34]\]. In a previous study \[[@B35]\], 23.3% of preterm infants in a brain-sparing group had behavioral problems according to the CBCL, and there were no significant differences in behavioral problems between the groups with and without brain sparing. In addition, attention problems were the most common behavioral problem in that study. Our study revealed rates of behavioral problems that were comparable with those of the previous study, and it also revealed that attention problems were the most common behavioral problem. In addition, 5 children had significant attention/hyperactivity problems suggesting ADHD, based on the CPRS. According to a previous study, cognitive impairment is a strong predictor of ADHD symptoms in children who were born extremely preterm with minor NDI such as freely ambulatory CP, mild motor problems, mild cognitive problems, mild visual impairments, and mild hearing impairments \[[@B36]\]. In our study, the relationship between mild cognitive deficits and ADHD symptoms was not investigated because of the small sample size. Further study is needed to delineate the relationship between cognition level and ADHD symptoms in children who were free of identifiable physical or mental impairments early in life.

In a recently published study \[[@B37]\], preterm children displayed more autistic behavior in early childhood than did the general population. In our study, one child in group A had autistic behavior. These findings suggest that it will be important to monitor behavioral problems, including autistic behavior, even in children who are free of major NDI early in life.

The data on the association between prematurity and speech disorders are not conclusive. Language is particularly susceptible to change depending on the child\'s socio-economic and environmental background, and thus, careful consideration of these factors is essential whenever this developmental domain is assessed \[[@B4]\]. Many language functions are reasonably normal in low-birth-weight children; however, more complex verbal processes such as understanding syntax, abstract verbal skills, and the mean length of utterance have been found to be deficient in preterm infants compared with their normal-birth-weight peers \[[@B4]\]. Even if the majority of our subjects seemed to be free of major speech disabilities, some children have subtle or significant delays in speech development. The rates of speech development problems were not different between the two groups in our study. The interplay of biological and environmental factors is critical for speech development, so long-term monitoring of speech development and more complex verbal processing problems is needed with controls for these environmental factors.

Children who were born preterm are at high risk for minor neurodevelopmental problems such as mild cognitive deficits and behavioral, academic performance, and adaptive functioning problems compared with full-term infants. These minor problems are more responsive to early interventions, and thus, the early detection of these problems is essential for minimizing future sequelae \[[@B38]\]. In contrast to the major NDI that can be identified easily early in life, minor or subtle impairments cannot be easily detected early; these subtle problems tend to become more obvious as the child grows older in response to increased performance demands \[[@B39]\]. A recently published study documented the importance of long-term monitoring beyond neuromotor and cognitive functioning to language and behavioral adjustment during the preschool period \[[@B7]\]. Another report highlighted the limited value of pediatric assessments at 2 years in predicting cognitive and motor function in later years and concluded that follow-up for many years for extremely preterm children is needed to reliably identify special needs \[[@B40]\]. Even in children who are free of identifiable physical or mental disabilities early in life, long-term monitoring for developmental problems in multiple domains such as cognition, behavior, adaptive functioning, and speech is considered essential in children born preterm \[[@B6][@B26]\]. The results of our study also support the importance of periodic assessment and long-term monitoring in preterm children, even if these children were free of identifiable physical or mental disabilities early in life.

The strength of our study is that we investigated developmental outcomes in various domains in children who were free of identifiable physical or mental disabilities early in life based on AOW, which is a parameter that can be monitored easily. Even in children without major NDI, motor performance is important for the development of cognition and social adaptive functioning. However, our results should be interpreted cautiously because of the small sample size in group B.

In addition, some of the children without major NDI at 2 years were lost during follow-up and thus did not receive a neuropsychological evaluation after 3 years of age. There may be various reasons for these dropouts. In general, we think that the children with good neuropsychological function may be more often lost for further assessment. Therefore, it may be likely that the results of our study overestimate the rate of neuropsychological impairments. However, we do not think that the dropouts had a large influence on the conclusion of our study because our study\'s aim was to determine whether there were any differences in those impairments between early and later walkers.

In addition, many factors affect cognition, social adaptive functioning, behavior, and speech development, such as socio-economic status, gestational age, neonatal morbidity, parental attitudes, etc. Until now, no good predictors have been found that can identify these subtle problems early. Therefore, additional efforts are needed to delineate a good predictor that can be identified early that considers or controls for many other confounding factors.

In conclusion, our study revealed that some of the children without major NDI at the age of 2 years had problems in cognition, social adaptive functioning, emotions, and behavior. The risks of cognitive deficits were greater in late walkers than in early walkers. The full-scale IQ and performance IQ were significantly lower in late walkers than in early walkers. SQs were significantly lower in late walkers than in early walkers, but there were no significant differences in the rates of mild or significant deficits in social adaptive functioning between the two groups. In addition, some children had significant behavioral problems including ADHD symptoms and autistic behavior; the abnormal behaviors were comparable in both groups. These findings support the importance of periodic assessments of multiple developmental domains in order to minimize future developmental sequelae by implementing early interventions for any developmental problems detected.
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###### Characteristics of the participants
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Values are presented as mean±standard deviation (range) or number (%).

^a)^p-value by independent t-test.

###### Distribution of cognitive levels
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Values are presented as number (%).

IQ, intelligence quotient; MDI, mental developmental index; PDI, psychomotor developmental index.

^a)^p\<0.05 by chi-squared test or Fisher exact test.

###### Distribution of cognitive levels based on the K-WPPSI-R
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Values are presented as number (%).

K-WPPSI-R, Korean version of the Wechsler Preschool and Primary Scale of Intelligence revised edition; IQ, intelligence quotient.

^a)^p\<0.05 by chi-squared test or Fisher exact test.

###### Distribution of social adaptive functioning levels
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Values are presented as mean±standard deviation (range) or number (%).

SQ, social maturity quotient.

^a)^p\<0.05 by independent t-test, ^b)^p-value by Fisher exact test.

###### Distribution of behavioral problems according to the Korean version of the CBCL
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Values are presented as number (%).

CBCL, Child Behavior Checklist.

^a)^p-value by Fisher exact test.
